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S W Y  

Hydraulic model s tudies  of the Vega Dam Outlet Works were made 
t o  develop an adequate s t i l l i n g  basin and t o  make cer ta in  t h a t  the flaw 
entered the Southside Canal uniformly and with a minimum of waves. To 
accomplieh t h i s  it w a s  necessary t o  check the spread of the  incoming 
flow and t o  determine the s ize  and spacing of the chute blocks and baf f le  
piers in the  s t i l l i n g  basin. 

I n  the preliminary design, Figure 4, the high pressure gates were 
t i l t e d  downward so t h a t  the j e t  impinged on the 2:l slope a t  an angle of 
5'00'. The tilt of the gates w a s  found t o  be sat isfactory.  The incoming 
flow spread adequately on the 2:l slope and entered the basin uniformly, 
Figure 6 ~ .  It was found t h a t  t ra in ing  walls having the same divergence 
a s  the downstream gate frame should extend a t  l e a s t  7 f e e t  downstream 
from the gate frames t o  prevent f low disturbances where the J e t  joir,s 
the backwater from the jump. Pressures measured on the diverging walls 
were set isfactory,  Figure 7. 

The preliminary s t i l l i n g  basin was found adequate t o  handle 
the maximum discharge of 571 second-feet. However, the t e s t s  indicated 
t h a t  both baff le  p ie rs  and chute blocks a re  required t o  s a t i s f ac to r i l y  
i-e$~ce the turbulence and height of waves i n  the southside Canal. Chute 
blocks ranging from 1 t o  3 f e e t  i n  height and baf f le  piers,  3 t o  5 f e e t  
high, were tes ted,  Table 1, page 8. The s tudies  showed t h a t  a combina- 
t ior,  of 'chute blocks, 3 f e e t  high, and baf f le  piers ,  4 f e e t  high, gave 
the best  s t i l l i n g  basin performance. The waves i n  the  canal f o r  maximum 
discharge were reduced from a maximum of 0.87 foot  i n  the preliminary 
design t o  approximately 0.3 foot  i n  the recommended design. The waves 
w i l l  be further dampened in  t ravel ing t o  the measuring flume located 
several  hundred f ee t  downstream from the s t i l l i n g  basin; therefore, no 
wave suppressor i s  deemed necessary. 



s t i l l i n g  baein we& tes ted  in  the-model. The studies indicated t h a t  a 
diverging w a l l  extending from the  s t i l l i n g  basin t o  the canal section, 
Figure 2, gave a smoother t rans i t ion  and eliminated side eddies a t  the I 
downstream end of the  s t i l l i n g  basin. 

The recommended design is shown i n  Figures 2 and 10. The t 

operation of the recommended design f o r  discharges from 300 t o  571 
second-feet through 1 and 2 gates is shown i n  Figures 11 and 12. 

Erosion i n  the canal downstream from the s t i l l i n g  basin was 
negligible. 

INTRODUCTION 

Vega Dam, Collbran Project, is  located on Plateau Creek 
approxhately 8 m i l e s  e a s t  of Collbran, Colorado, Figure 1. The dam i s  
of the e a r t h f i l l  type and r i s e s  approximately 130 f e e t  above the  r iver -  
bed. The ou t l e t  works is located near the lef t  dam abutment and includes 
an intake structure;  200 f e e t  of c i rcu lar  conduit, 5 f e e t  i n  diameter; 
a gate chamber; 370 f e e t  of s t e e l  pipe, 51 inches inside diameter; a 
control house; and s t i l l i n g  basin, Figure 2. Immediately above the con- 
t r o l  house the c i rcu lar  s t e e l  pipe branches in to  two square conduits, 
2 f e e t  3 inches on a side,  which are the approaches t o  the s l i de  gates. 
The maximum discharge of 571 second-feet is controlled by two 2 f e e t  
3 inches by 2 f e e t  3 inches high pressure s l i de  gates t i l t e d  downward at  
an angle of 5'00' with the 2:l  slope, Figures 3 and 4. The s t i l l i n g  
basin discharges d i r ec t ly  in to  the Southside Canal. 

Hydraulic model studies of the out le t  works were made t o  deter-  
mine if a 5°00' downward tilt of the gate gave sa t i s fac tory  flaw condi- 
t ions,  t o  check the spread of the incoming flow, t o  determine the adequacy 
of the s t i l l i n g  basin, and t o  make cer ta in  tha t  the flow entered the canal 
unifomly and with a minimum of waves. It is essent ia l  t h a t  the flow i n  
the canal be comparatively uniform and without surface waves so t h a t  a 
measuring flume, located several  hundred f e e t  downstream from the t 

s t i l l i n g  basin, w i l l  operate properly. 

, 
THE MODEL 

The ou t l e t  works model w a s  b u i l t  t o  a geometrical scale of 
1:11.25 and included the s l ide  gates, s t i l l i n g  basin, and a short sec- 
t ion  of the Southside Canal, Figure 3. The conduit, Y-branch, and 
t rans i t ions  upstream from the gates where no unusual hydraulic problems 
are  anticipated were not reproduced i n  the model. This portion of the 
s t ructure  w a s  represented by a manifold with c i rcu lar  pipes leading t o  
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plywood i n  an exis t ing t a i l  box with a glass  window on one side t o  permit 
v i sua l  observation of the s t iL l ing  action.  The bo+,tom of the t rans i t ion  
downstream from the s t i l l i n g  basin and the bottom and side slopes of the 
Southside Canal were formed t o  wooden templates with erodible sand. 

A manifold of 2 piezometers was placed 2 f e g t - 3  inches upstream 
from the gates t o  measure the pressure head a t  the gates. Flow in the 
model was measured with a venturi  meter. 

TRE INVESTIGATION 

Because of fund l imita t ions  and the urgency to  complete the  
model studies before the issuance of specifications for  the ou t l e t  works, 
su f f i c i en t  t e s t s  were made only t o  study the e f f ec t  of the  gate tilt on 
the flow leaving the gate and t o  check the adequacy of the  s t i l l i n g  basin 
so t h a t  the flow entered the canal with a minimum of wavee. The tilt of 
the gate w a s  checked by observing the spreading of the flow downstream 
from the gates, analysis of the pressures measured along the warped wall, 
and the general appearance of the flow entering the s t i l l i n g  basin. The 
adequacy of the s t i l l i n g  basin was evaluated by observing the s t i l l i n g  
action and by measuring the amount of erosion and the height of waves i n  
the Southside Canal. In  t h i s  study, the height of waves i s  the difference 
i n  feet between the maximum c re s t  and minimum trough occurring over a 
prototype time span of 2-1/2 minutes measured i n  the center of the  .canal 
20 f e e t  downstream from the ou t l e t  structure.  

To evaluate the various designs the model was operated a t  four  
possible operating conditions: (1) the maxirmun discherrge of 571 second- 
f e e t  through two gates 100 percent open, (2) the normal canal capacity 
of 300 second-feeL through two gates 100 percent own a t  reservoir  eleva- 
t i o n  7925, (3)  300 second-feet through two gates 55 percent open at  
maximum reservoir elevation 7990.9, and (4 )  the m a x i m  discharge of 
317 second-lee*; through one gate 100 percent open. I n  general, the two 
critical operating conditions were the maximum discharges through two 
gates and one gate - fincii t ions (1) and ( k ) ,  respectivelx7. 

Preliminary Design 

The preliminary basin design, shown i n  Figure 4, was i n i t i a l l y  
constructed and tes ted i n  the model. This design included a basin 45 
f ee t  i n  length, 12-inch-high chute blocks, and a baffled end s i l l  3 f e e t  
i n  height. Figure 5 shows the operation of the preliminary design at  
the maximum discharges of 317 and 571 second-feet through one and two 
gates. The main portion of the flow remained near the  f loor  of the 
s t i l l i n g  bas in  w i t h  very L i t t l e  ve r t i ca l  flow dis t r ibut ion.  The surface 



waves being formed i n  the  s t i l l i n g  basin. Wave heights of 0.8'7 foot  
vere measured i n  the Southside Canal f o r  bo-th discharges, Table 1. 

Gate Set t ing I 

I n  the  preliminary design the gates were t i l t e d  downward so 
tbt the j e t s  impinged on the 2 : l  slope a t  an angle of 5°00', Figure 4. , 
The spreading of the j e t  on the 2 : l  slope was very good. The flow w a s  
well  distr ibuted,  and the j e t s  follawed the outer diverging t ra in ing  
walls along the 2:l slope. However, water backed up in to  %he corners 
formed by the center dividing w a l l  and the 90' walls immediately down- 
stream from the gates, Figure 4. The water i n  the  corners tended t o  
break up the inner edges of the j e t s  and caused considerable splash and 
surging flow along the center dividing w a l l .  

To eliminate the adverse flow conditions along the dividing 
wall, short  diverging walls extending about 7 f e e t  downstream from the 
gate frames were placed i n  the model. The diverging walls prevented the 
backwaker from in te r fe r ing  with the j e t s  and resulted i n  a smooth j e t  
between the gate and the backwater from the jump, Figure 6 ~ .  

A row of 8 piezometers was placed along the warped surface of 
the diverging wall 6 inches above the 2:1 slope and spaced a t  6-inch 
in te rva ls  downstream from the gate frame, Figure 7. Pressures were 
observed f o r  discharges of 571 and 300 second-feet through two gates 
and 317 second-feet through one gate. The lowest pressures were 
observed f o r  a discharge of 30C second-feet through two gates 55 percent 
open a t  reservoir  elevation 7991. For t h i s  flow condition pressures 
approximately 1 Toot below atmospheric were observed a t  Piezometers 1 
thruugh 3. Downstream from Piezometer 3 the observed pressures increased 
t o  a maximum of 1 foot  above atmospheric a t  Piezometer 7. Since the 
observed pressures are well  above the cavi ta t ion range, the divergence 
of the  walls was considered sat isfactory.  

Wing Walls 

During the i n i t i a l  t e s t s  on the ou t i e t  works structure,  two b 

wing wall  designs downstream from the s t iL l ing  basin were ins ta l led  and 
tes ted  a t  the same time, Figure 4. The r i g h t  wing w a l l  diverged from 
the basin width of 15 f e e t  t o  the canal width of 18 f e e t  and extended 
about 34 f e e t  downstream from the basin. The l e f t  wing wall  was a con- 
ventional 90' wall  a t  8he downstream end of the basin. 

The preliminary t e s t s  indicated t h a t  the diverging w a l l  pro- 
vided a smoother t rans i t ion  from the s t i f l i n g  basin t c  the canal than 
the 90° wing w a l l .  Eddies of water--sufficiently strong t o  move some 



only a s l i g h t ,  unob~ect ionable  flow disturbance occurred a t  the  
downstream end of the  diverging w a l l .  

From these preliminary t e s t s  it w a s  decided t o  accept the  
bas ic  design of the  diverging walls  and the s t ruc tu re  was made 
symmetrical by replacing the  90' wing w a l l  with a diverging wall .  

Chute Block and Baffle P i e r  Studies 

e s t s  were made using combinations of chute 
f varying heights,  Table 1. The height  of the  
1 t o  3 f e e t  while the  b a f f l e s  ranged from 3 t o  

5 f e e t  i n  height. The various combinations of chute blocks and ba f f l e  
p i e r s  were evaluated by observing the  d i s t r i bu t i on  of flow i n  the  
s t i l l i n g  bas in  and by measuring the  height  of waves i n  the  Southside 
Canal. 

Figures 6~ and 8 show the  t yp i ca l  s t i l l i n g  bas in  performance 
f o r  chute blocks, 1 t o  3 f e e t  high, with and without ba f f l e  p i e r s  
i n s t a l l e d  i n  the  basin f o r  the  maximun discharge of 317 second-feet 
through the  rie;ht gate. I n  general, the  higher the  chute block, the  
f a r t h e r  the  jump moved upstream on the  2 : l  slope, giving a more nearly 
hor izonta l  water surface i n  the  s t i l l i n g  basin. Also, the  v e r t i c a l  d i s -  
t r i bu t i on  of flow and the s t i l l i n g  ac t ion  were improved with the  higher 
cnute blocks as  evidenced by the  reduced wave heights measured i n  the  
Southside Canal, Table 1. Wave heights of 0.87 foo t  were measured 
us ing the  l.2-inch chute blocks while the  wave heights were reduced t o  
0.75 and 0.56 foo t  with chute blocks, 2 f e e t  and 3 f e e t  high, 
respectively.  

S t i l l  greater  improvement i n  t he  s t i l l i n g  bas in  performance 
was obtained when ba f f l e  p ie r s ,  cornbined with the  chute blocks, were 
i n s t a l l ed  on the s t i l l i n g  basin f l oo r ,  Figures 6 ~ ,  8 ~ ,  aud 8D. The 
water surface i n  the  s t i l l i n g  basin was p r ac t i c a l l y  hor izonta l  down- 
s t r e a a  from a point above the  ba f f l e  p iers .  The wave heights i n  the  
Southside Canal were fu r the r  reduced t o  approximately 0.30 foot ,  
Table 1. Observations were made using ba f f l e  p ie r s  3, 4, and 5 f e e t  
high. Again the chute blocks, 3 f e e t  high, i n  combination with ba f f l e  
p i e r s  gave the  bes t  performance, both i n  height of waves and i n  s t i l l i n g  
ac t ion .  Although the mximniwave heights were approximately the  same 
f o r  the  d i f f e r en t  heights of ba f f l e  p ie r s ,  the  average waves were lower 
and the general  appearance of the  s t i l l i n g  ac t ion  was be s t  when ba f f l e  
p i e r s  4 f e e t  high were ins ta l l ed .  Therefore, the  combination of cfiute 
blocks, 3 f e e t  i n  height, and ba f f l e  p iers ,  4 fee% high, is  recommended 
f o r  prototype construction. 



Several  erosion t e s t s  were made t o  determine %he amount of 
erosion t o  be expected i n  the  t r an s i t i on  duwnstream from the  s t i l l i n g  
basin.  Figure gA shows the erosion a f t e r  a discharge o f  571 second-feet. 

I 
The amount of erosion w a s  negl ig ible  both i n  the  t r a n s i t i o n  and i n  the  
Southside Canal. There was minor sloughing of mater ia l  from the  canal 
banks at  the  end of the  t r a i n ing  walls, but since t h e  canal  w i l l  be rip- 
rapped f o r  about 75 f e e t  downstream from the  s t ructure ,  Figure 2, no 
movement of mater ia l  should occur i n  the prototype. 

Because the  width of the  s t ruc tu re  i s  r e l a t i v e l y  narrow 
(15 f e e t ) ,  the designers decided t o  pave the  f l o o r  of the  t r an s i t i on .  
Thus, the  dentated s i l l  at  the downstream end of the  s t i l l i n g  basin was 
no longer required and was not included i n  the recommended design, 
Figure 10. 

Basin Floor Raised 2 Feet  

With the improved s t i l l i n g  basin performance using chute blocks 
and ba f f l e  p i e r s  it appeared t h a t  t he  f l oo r  of the  s t i l l i n g  bas in  could 
be ra i sed  and thus reduce the  t o t a l  cos t  of the  s t ruc tu re .  Therefore, 
t e s t s  were made with the  b a ~ i n  f l oo r  ra ised 2 f e e t  t o  e levat ion 7870. 
Figure gB shows the  s t i l l i n g  basin operating a t  a discharge of 317 
second-feet with chute blocks 3 f e e t  high and no ba f f l e  p ie r s  i n s t a l l ed .  
Raising the bas in  f l o o r  caused more splash and a rougher s t i l l i n g  basin 
operation a s  can be seen by comparing Figure gB with Figure &. There- 
fore,  it i s  reconmended t h a t  the  basin f l o o r  be placed a t  e levat ion 7868 
a s  i n  t he  preliminary design. 

Consideration was a l s o  given t o  shortening the  s t i l l i n g  bas in  
length, but  s ince  turbulence i n  t he  s t i l l i n g  basin extends near ly  t o  the  
downstream end of t he  s t i l l i n g  bas in  and waves i n  the  canal must be kept 
t o  a minimum, no change i n  the  length  of the  s t i l l i n g  bas in  i s  
recommended . 
The Recommended Desi@;n 

, 
Late i n  the  model s tud ies  the cross sect ion of the  Southside 

Canal was changed by the  designers from a bottom width of 18 f e e t  t o  
14 f e e t  and the bottom of the  canal  was lowered from elevat ion 7876.6 
f e e t  t o  e levat ion 7875.0 f ee t .  This change eliminated the  need f o r  
diverging t r a i n ing  w a l l s  along the  t r an s i t i on .  Tk~e recommended design, 
therefore ,  includes p a r a l l e l  t r a i n ing  wal ls  with a shor t  t r an s i t i on  i n  
the  canal  from the  basin width of 15 f e e t  t o  a bottom width of 14  f e e t  
i n  the  canal. 



Figure 10 shows the recommended design, which includes chute 
blocks 3 f e e t  high, baf f le  p ie rs  4 f e e t  high, basin f l oo r  a t  elevation 
7868, no end si l l ,  and pa ra l l e l  t ra in ing  walls t o  the downstream end of 
the 4:1 slope, Figure 2. 

Figures 11 and 12  show the operation of the s t i l l i n g  basin a t  
discharges of 300 t o  571 second-feet through 1 and 2 gates. 

Jump Sweep Out 

Curves indicating the amount the water l eve l  i n  the canal, or 
t a i l  water, can be lowered without the jump sweeping from the basin a re  
shown i n  Figure 13. I n  t h i s  study, the jump was considered swept out 
when the jump moved downstream t o  the extent t h a t  no portion of the jump 
covered the chute blocks. 

For the maximum discharge of 571 second-feet the canal water 
surface may drop 4 f e e t  below normal t a i l  water before the jump sweeps 
out. For flows of approximately 200 second-feet the sweep out curve i s  
about 2 f e e t  below the normal t a i l  water curve. Thus, the ta i l  water 
i s  adequate to maintain a sat isfactory jump a t  a l l  expected discharges. 

Also shown in  Figure 13 i s  the jump sweep out curve when the 
basin f loor  was raised 2 f e e t  t o  elevation 7870 f e e t .  This curve is  
0.5 t o  1.5 f e e t  higher than t h a t  obtained with the recommended basin. 

It  should be noted t h a t  the jump sweep out curves were obtained 
with no baff le  piers  ins ta l led  i n  the basin. Thus, with baff le  p ie rs  
ins ta l led,  the water l eve l  i n  the canal could drop appreciably l a r e r  
than tha t  shown i n  Figure 13 before the jump sweeps out. 

Wave Suppressor 

The need f o r  a wave suppressor i n  conjunction with the s t i l l i n g  
basin was considered unnecessary. The observed waves i n  the Southside 
Canal varied from 0.1 t o  0.3 foot.  Since the wasteway and turnout a r e  
locatea about 400 f e e t  downstream from the s t i l l i n g  basin and the measur- 
i n g  flume i s  another several  hundred f e e t  downstream from the turnout, 
the waves should be fur ther  dampened by the time they reach the measuring 
flume . Therefore, no wave suppressor i s  recommended f o r  the structure.  



SUMMARY OF' WAVE HEIGHTS* IN FEET OBTAINED WITE VARIOUS 
CHLTTE BLOCK AND BAFFLE PIER COMBINATIONS 

Height of : 12" chute blocks 2Y chute blocks 3 chute blocks : - . : Recom 

piers,: : . . . . : basin 
f t :None:  3 : 4 : 5 :None :  3 : 4 : 5 :Hone:  3 : 4 : 5 : & c a n a l  

D i s  charge . . : section . 
571 c f s  through : 0 . ~ : 0 . 4 3 : 0 . 4 3 : 0 . 4 8 : 0 . 6 8 : 0 . 4 ~ : 0 . 3 8 : 0 . 3 4 : 0 . 5 7 : 0 . 2 9 : 0 . 2 9 : 0 . 4 8 :  0.30 
2 gates 10@ open . . . . . . . 

. . . 
300 cfs  through : 0.53 : 0.29 : 0.30 : 0.27 : 0.45 : 0.28 : 0.30 : 0.26 : 0.27 : 0.12 : 0.16 : 0.17 : 0.17 
2 gates 55% open . . . . . a .  . . 
300 cfs  through : 0.28 : 0.18 : 0.16 : 0.15 : 0.33 : 0.14 : 0.10 : 0.09 : 0.12 : 0.10 : 0.10 : 0.08 : O . U  
2 gates 100qd open : . . . . . . 
317 cfs  through : 0 . ~ : ~ . ~ ~ : 0 . ~ 4 : 0 . 4 ~ : ~ . ~ ~ : 0 . ~ ~ : 0 . ~ ~ : 0 . ~ 0 : 0 . ~ 6 : 0 . ~ 4 : 0 . 2 0 : 0 . ~ ~ :  0.20 
1 gate 100$ open . . . . . . . . . 

XDifference in  feet between maximum crest  and minimum t rwgh  measured i n  center of canal 20 feet downstream 
frm outlet  structure. 

HPreliminary design. 
-3-foot chute blocks and 4-foot baffle piers, no end s i l l ,  paved 4:l  slope, para l le l  training w e l l s  extending 

along 4:1 slope, and canal section with bottom width of 14 fee t .  

- 











A. Discharge = 571 second feet 
Both gates 100% open. 

B. Discharge = 317 second feet 
Right gate 10070 open. 

VEGA DAM OUTLET WORKS 
Operation of Preliminary Basin 

1: 11.25 Scale Model 



FIGURE 6 
Report Hyd-418 

A. Spread of jet leaving H. P. gate. 

12-in. chute blocke and no M e  piers.. 

12-in. chute blocks and 4-ft. baffle piers. 

Effectiveness of 12-in. chute blocks and 4-ft. 
baffle pierrs. 

VEGA DAM OUTLET WORKS 
Spread of jet and effectiveness of baffle piers 

Discharge = 317 uecond feet through right gate 100% open 
1: 11.25 Scale Model 





A. 2-it  chute blocka and no baine piers , 

B. 2 4 .  chute b locb  and 4-ft. baffle piere. 

- -~ 

C .  3-ft. chute blocks and no baffle piera 

FIGURE 8 
Report Hyd-418 

D. 3-it. chute bloCks and 4-ft. baffle piere 

VEGA DAM OUTLET WORKS 
Effectiveness of Chute Blocks and Baffle Pien 
DLcharge = 317 second-feet through r-t gate 

1: 11.25 Scale Model 



A. Erosion in outlet channel after 
Q = 571 cfs throw both gates. 

FIGURE 9 
Report Myd-418 

B. Basin floor raised two feet to Ei. 7870. 
Q = 317 cfs through right gate. 

VEGA DAM OUTLET WORKS 
Operation of Intermediate Basin Designs 

1: 11. 25 Scale Model. 



Report Hyd-418 

VEGA DAM OUTLET WORKS 
The Recommended Design 

1 : l l .  25 Scale Model 



FIGURE 11 
Report Hyd-413 

A. Discharge = 57 1 second feet. 

B. Discharge = 300 second feet. 

VEGA DAM OUTLET WORKS 
Operation of the Recommended Design 

Both gates 100% open 
1: 11.25 Scale Model 



FIGURE 12 
Report Hyd-4 18 

A. Discharge = 300 second feet through both gates 55% open. 

B. Discharge = 317 second feet through right gate 100% open. 

VEGA DAM OUTLET WORKS 
Operation of the Recommended Design 

1: 11.25 Scale Model 




